Abstract
this with one or more reference energies. As such, one or several energy thresh-48 olds can be achieved. Despite the limited number of energy bins, several results
49
illustrating the advantages for material identification have been published using 50 a variety of detectors [1, 2, 3, 4, 5, 6, 7, 8, 9] . A second category comprises 51 the so-called hyperspectral detectors, which measure the energy deposited in 52 each pixel during a certain exposure time and consequently reconstruct the as-53 sociated photon energy and discretize the spectrum. The detector readout and 54 analysis however reduce the available measurement speed and count rate. These 55 devices are typically based on direct detection in a CCD system [10, 11] , yet a 56 hybrid system using a CdTe sensor bump-bonded to a readout ASIC has been 57 presented as well, which allows for higher X-ray energies to be detected [12, 13] .
59
In this paper, we present the characteristics of a CCD-based hyperspectral 60 detector as a detector system for X-ray radiography and high resolution to-61 mography. We present an example of chemical identification based on a single 62 radiograph and the count rate limitations which are imposed by the operation 63 of the detector and the incident spectrum. To conclude, we present the results
64
of a spectral high resolution CT scan using this detector.
high energy electron imaging, energy-resolved two-dimensional X-ray diffraction 73 and scattering experiments at synchrotron facilities [14] . [15, 18, 19] or X-ray absorption near edge spectroscopy 97 [20] and has previously been characterized for this purpose. In this paper, the 98 SLcam will however be characterized for usage with transmission X-ray radiog- In spectral absorption radiography, the energy dependency of the linear attenuation coefficient of the object under investigation can be measured. More particularly, absorption edges can be observed and used to identify the chemical composition of an object. These edges can best be visualized using the projected attenuation coefficient µ θ (x, y, E):
where (x, y) and (x , y , z ) are the detector and object coordinate systems, respectively, E is the photon energy, µ is the linear attenuation coefficient and θ denotes the projection angle in tomography. This value can easily be derived from the normalized projection images:
where I θ (x, y, E) and I 0 (x, y, E) are the measured intensity with and without the 122 object, respectively. As the intensity is measured for each energy bin separately, too large), the reconstructed photon energy will equal the sum of both photon 143 energies. In multispectral devices the pulse height, hence the measured photon 144 energy, depends largely on the temporal overlap and shape of both pulses [23] .
145
In XRF applications, this behavior is desired as it results in distinct sum peaks 146 rather than a continuous spectrum. In absorption radiography on the other 147 hand, the behavior is less predictable, but it can give rise to a clear deduplication ware. This is a statistical process, hence the limit is not strictly defined but is to decrease as the X-ray flux is further increased.
178
Furthermore, it is observed that the response curve depends on the inci-179 dent spectrum which was varied based on the target material (W or Mo) and 180 on an additional beam filter (100 µm Al). As the object under investigation 181 influences the X-ray spectrum due to beam hardening, the X-ray flux should dominate the X-ray spectrum. This is the case in Figure 2 and is manifested by 185 the fine structure of the curve.
187
A reduction of the X-ray flux however results in lower signal-to-noise ratio 188 (SNR). From Figure 3 , it is evident that the measured count rate will be less Table 1 : The spectral regions used in the analysis of the tomographic dataset of the artery sample. For each region, start energy and end energy are given along with the absorption edges present in the region and the mean number of flat-field counts per pixel.
As expected, the reconstructed attenuation coefficient decreases for increas- values. Crossing an absorption edge however, the attenuation coefficient locally 227 increases for increasing energy. This is visualized in Figure ? ?, where the differ- 
Conclusion

241
The use of energy-dispersive 2D detectors in high resolution X-ray radiogra- 
